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CRIMPING DEE EMPLOYING POWERED CHUCK 

The present invention relates to crimping dies and the like, and in particular to a 
crimping die that utilizes a powered chuck and segmented die to release a formed pan. 
Cnmp-ng dies of the present invention are useful for closing and sealing electrochemical 
ceils, particularly small button cells. 

Various types of metal forming dies have been used in the fabrication of a wide 
array i;f pans. One example is an electrochemical battery cell having a two piece cladding 
thai is enmpeu together to form the finished battery cell. Known crimping methods utilize 

one piece female die. A punch drives the two pieces of the cell into the female die 
Neerr.er.t. -hereby deforming the outer edge of one of the cell pieces, and crimping the two 
oc:n>ns together to form the electrochemical ceil.. 

One problem encountered in such an arrangement is that the formed steel part will 
'".T.e residual stress, causing the pan to '"spring" outwardly against the inner 
:oe-Aai:.N or the female die segment. The friction generated between the pan and the 
.!.".v.!:N the female die segment can make removal of the formed cell difficult, leading 
,...;;u; .;v .it ;he ceil. Although lubricants may aid removal of the cell to some degree. 
.. " .:v;;:. : nts may lead to contamination of the cell. Even with lubrication it may not be 
. :,) .nmp the cell as tightly as desired and still permit removal of the cell without 

hereto, particularly for cells with thin sidewalls. such as button air cells. 

\ pvuM- an segmented crimping die is shown in Figures 8 and 9A-9C. As shown in 
i :-::r-j r > { K\ the prior an die includes a one-piece base support 101 having a bore 102 
•:-.f.'i:;:: which a iower punch 103 may be moved. Base plate 101 is generally fixed 
viatic me other pans. Baseplate 101 further includes a recess 104 in which a one- 
pj.c ,n:r.p die 105 is disposed. Crimp die 105 also includes a central aperture through 
■•■rikrh lin\cr punch 103 extends. The die further includes a tapered guide housing 106 
.: :v:cc in fixed relation on base plate 101 and a top plate 107 mounted atop tapered 
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guide housing 106. Tapered guide housing 106 includes a centrally disposed tapered 
opening 109 for receiving four segmented dies 108a-108d. As shown in Figure 8. which is 
a top view of the four segmented dies, the four segmented dies together form annular side 
walls of the die and define a central opening through which an upper punch 1 1 1 and a 
5 battery 1 10 to be crimped may be moved. Top plate 107 also includes a centrally disposed 
hole of the same diameter for similarly allowing upper punch 1 1 1 and cell 1 10 to be 
moved therethrough. As shown, the four segmented dies are tapered and allowed to slide 
vertically along the tapered surface 109 of guide 106. In this matter, as the four segmented 
dies 108a-108d move vertically between the upper surface of the one-piece crimp die 105 
10 and the lower surface of top plate 107, the four segmented dies move radially inward and 
outward to thereby increase/decrease the diameter of the centrally disposed aperture 
defined by the four segmented dies 108a- 108d. 

In operation, the die press is positioned with the four segmented dies 108a- 108d in 
15 their lowermost position resting upon the upper surface of one-piece crimp die 105. A 
battery 1 10 is placed within aperture 1 12. and upper punch 1 11 is moved vertically 
downward to push the cell down against the curved portion of crimp die 105. Once the 
cell has been crimped, upper punch 111 is raised and lower punch 103 is moved vertically 
upward as shown in Figure 9B to push the crimped battery upward through aperture 1 12. 
20 Because of the close tolerances with aperture 1 12 relative to the outer dimensions of the 
battery, the four segmented dies 108a-108d tend to move upward as the batten.* is lifted by 
lower punch 103. As the four segmented dies 108a- 108d are lifted, they will move radially- 
outward at the same time until their upper surfaces abut the stops on top plate 107. With 
the four segmented dies in their uppermost position, the diameter of aperture 1 12 is 
25 sufficient to freely remove battery 1 10 from the die apparatus. 

A problem exists, however, in that some of the segmented dies I08a-I08d may at 
times become hung up. as shown in Figure 9C. Thus, when the next battery is inserted for 
crimping, the battery may become misaligned and a uniform crimping of the battery may 
30 not be obtained. A similar problem can occur during crimping, with one segment rising up 
independent of the other segments, due to the axial component of the radial stress on the 
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Yet another aspect of the present invention is a forming die including a base and a 
fluid actuated clamp. 

In a preferred embodiment, the powered actuator composes a flexile member, within a 
5 chamber, that moves in response to changes of pressure within the chamber to move the 
die segments. 

The present invention will be further understood by reference to the drawings, in 

which: 

10 Figure 1 is a partially fragmentary, front elevational view of a crimp.ng d,e 

embodying the present invention, compns.ng an upper punch, and a lower segmented die 
utilizing an air chuck to release a crimped part: 

Figure 2 is a cross-sect.onal v.ew of the crimping die of Figure 1 . taken along the 

line n-0: 

15 Figure 3 is a cross-sectional v.ew of the crimping die of Figure 1, taken along the 

line ra-ni; 

Figure 4 is a top elevational view of the die segments; 

Figure 5 is a partially fragmentary, front elevational v.ew of the die segment of 

Fi°ure 4. taken along the line IV-IV; 
20 = Figure 6 is a partially fragmentary, cross-sectional view illustrating the crimping of 

apart*. 

Figure 7 is a partially fragmentary, cross-sect.onal view illustrating the cnmp.ng of 

a pan: 

Figure 8 is a partially schematic top plan view of a prior an segmented crimp.ng 

25 die; 

Figure 9A is a partially fragmentary, cross-sectional v.ew of the prior art cnmp.ng 
die of Figure 8 taken along the line IXA-IXA; 

Figure 9B is a partially fragmentary, cross-sectional view of the prior an segment 
die of Figure 9A showing the segmented die in the open position; 
30 Figure 9C is a pan.ally fragmentary, cross-sect.onal v.ew of the pnor an cnmp.ng 

die of Figures 8 and 9 show.ng the upper punch in the raised position: 
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Figure 10 is a schematic drawing of a membrane type air chuck. 

fir gnoses of description here,n,the terms "upper. - -lower.- "right. - "left." 

... rom ••'• veniC a:." 'horizontal." and derivatives thereof shall relate to the invention 

. "l.., Ic d >n Figure I. However, it is to be understood that the invention may assume 

altemat,;, orientations and step sequences, except where expressly specified to the 
. p|r „ IS ai5 o to be understood that the specific devices and processes i.lustrated ,n 
. 1 . ..,,... d dra w,n«s and described in the following specification are simply exemplary 
"Z„ of the ,nven„ve concepts defined in the appended claims. Hence, specific 
. . Z ... ,s ,d other phvsica. characteristics relating to the embodiments disclosed herem 
,, , , he ,,,ns,derea as limiting, unless the claims expressly state otherwise. . 

. r , n , c numeral 1 (Figure 1 ) generally designates a forming die embodying 

.. . ,inent,on. which is.particular.y designed for forming electrochemical ceils and 
V " . . ,, .. nm0l n«. in the illustrated example, the formmg die includes at least two 
,i leas, a first one of which is movablv mounted to a base or support 
. "... ,, , hl)Hn2 between closed and open positions.- In the illustrated example, the 

' 7 , - -, r e mounted to the jaws 5 of* pneumatic, or "air" chuck 4. The die 

. ., ,, r ecme a d.e cavity 6 (see also Figures 4-7) having an opening 7 when 

, '. ' in the closed position. A punch 8 is movcably mounted. to the base 

' ' Z , , retracted position and an extended position. In the extended 

. .„ , forces a part, such as a miniature electrochemical eel! 9. into the walls 

' .. ,„:.,.,nn,n : the ceil. A powered actuator is connected to at least.one ol 

".' : " andshlfts the die segment 2 between the closed and opened positions. 

. .. Z Neurochemical cel. 9 positioned within the cavity 6 can be removed after 
r ... ...,,;.,-„ o; ,he die segments 2 to the opened position. 

;,, cn:c ,, Figures 1. 2 and 3. the base 3 generally includes a vertical plate 

, .. , ZZna lower horizontal plates 1 1 and 12. respectively. A beanng plate 13 is 
. , ,,. :. uu ,, to .he vertical plate 10 by a pair of venica, rods 14 and pillow blocks l.v 
^ . swmW x 16 is secured to the bearing plate 13 by conventional tasteners or 
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the like (not shown). The punch holder assembly 16 securely holds the punch 8 in 
alignment with the lower cavity 6 formed by the die segments 2. A rod 17 is secured to 
the punch holder assembly 16. Rod 17 is attached to an electric servo, hydraulic driver, 
other powered actuator (not shown) having sufficient force to form the part 9 in the die 
cavity 6. 



The electrochemical cells 9 are transferred to the die and crimped cells 9 are 
removed from the die after the fanning operation. Any suitable mechanism, such as an 
index wheel, can be used for this purpose. 

The pneumatic chuck 4 is securely supported on a horizontal plate 19 of the base 3 
by a support assembly 1 S. A lower punch 20 is positioned below the pneumatic chuck 4. 
Punch 20 is slidably supported in alignment with the cavity 6 by a punch holder assembly 
21. A spring 22 is supported by a stop block 23, and biases the lower punch 20 upwardly 
into the die cavity 6. An adjustable stop 24 is threadably received within the stop block 
23, and limits the downward travel of the lower punch 20. As discussed in more detail 
below, spring 22 is relatively light weight, and lifts the formed electrochemical cell 
upwardly upon shifting of the die segments 2 to the opened, released position. With 
further reference to Figures 4 and 5, each die segment 2 is made of a suitable hardened tool 
steel, and includes a plurality of openings 25 to secure the die segment 2 to the jaws 5 of 
the pneumatic chuck 4. Each die segment 2 includes a sidewall 26 that is radiused, such 
that the die segments 2 together form a cylindrical die cavity 6. The upper portion 28 of 
the sidewall 26 is generally parallel to a vertical axis, and the lower portion 29 of the 
sidewall curves inwardly at radius 27. 

With further reference to Figures 6 and 7. a standard electrochemical cell 9 
includes a first metal casing portion 30 (also known as the "can") having a shape similar to 
an inverted cup. The electrochemical cell 9 also includes a second metal casing part 3 1 
(also known as the "anode cup") that is also generally cup shaped. The part 31 has a 
slightly smaller diameter than part 30. such that part 31 fits inside part 30. A seal 34 fits 
between parts 30 and 3 1 and prevents electrical conduction between parts 30 and 3 1 . The 
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internal components 32 of the cell 9 are sandwiched between the first and second pans 30 
and 3 1 . Dunng operation, an uncrimped electrochemical cell 9 is shifted into position at 
■ne upper portion of the die cavity 6. The electrochemical cell 9 is placed on the lower 
nuncn -0. which is in its uppermost position due to the upward bias of spring 22. The die 
; -.cements are shifted into the extended, or closed, position by actuation of the pneumatic 
:huck -i. The upper punch S is then shifted downwardly by actuation of the 
•jijctruchcmical servo mot shown). As the upper punch S shifts downwardly, the 
u::cnmpcd electrochemical eel! 9 is pushed downwardly within the die cavity 6 until the 
. L'jirocnemical eel! 9 is crimped on the radiused portion 27 of the die cavity 6. The die 
!?• -c.-merus 2 are then shifted outwardly by actuation of the pneumatic chuck 4 into the 
.ncicmpsd. or open position. The powered ram and upper punch S are then shifted 
-:nv. .:.-diy. \uth the lower punch 20 holding the crimped ceil 9 against the upper punch S. 
I'.:- -.:-e >eements 2 are then shifted into the extended, or closed, position: the finished. 
r::r.:v"J ceil 9 is removed: and a new, uncrimped cell 9 is brought into the die. 

ma::'. eiy. the die segments 2 could be in the open position when cell 9 is pushed into 
.::e v and then closed to crimp the cell. However, this may leave undesirable 
-.:::•.-,. . c-rresponding to the parting lines of die segments 2. on the crimped surface of cell 

.-. :iiustrated example desenbed above, the die segments 2 arc mounted to a 
■ .:*.uck 4. A preferred pneumatic chuck is a five-inch. diaphragm chuck available 

••• \. :t."!:L-id Precision Instrument Corporation of Island Park. New York. A membrane 
,: v ::..*.\ m> is shown schematically in Figure 10. Peripheral portions 41 of the jaws 5 are 
..:;;;".: a penpheral base 42 via a flexible diaphragm 43. When compressed air is 
: t \:c.cu into air passageway 45. a resulting force is applied to the lower side 44 of the 
. :ne chuck. This causes jaws 5 and attached die segments 2 to pivot upward and 
,:rc U) the open position. When compressed air is introduced into air passageway 46. 
• • •* arc moved to the closed position. Other pneumatic chucks may also be used. 
v\a:r.pie. a six-inch air chuck, model no. 6-120NR-3. available from MicroCentric 
: • jn\T:.U!on of Plainview. New York, may be used. As illustrated in Figure 3. jaws 5 oi 
' ".!■; iyp-j of chuck are mechanically driven radially inward and outward, to the closed and 
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, oddo.s respective,*. l MS»»„pu, eC l.ha t ..h t r,.pe S >.fpowe™d« S c ( ,uld 
,o ,be base by a «n*.k»l «*» » 

t « — « could be ased ins,,. . »*. W 

ail, pending removal of .he enmped cell wuhom damage. 

,„ , h e Pompom, desc„p.,o„. ,, b. r.add, * *~ — » * « 

,„ , ha , m0 d,r,«,»n S »>-be made ,o ,be — *». - * ^ 

, la ,„s. «*» .he* <**> by .h=d language expressly « omervv.sc 
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CLAIMS: 

\ a fonning die, comprising: 
a base: 

al least two die segments, at least a first one of which is movably mounted to said 
. base for shifting between closed and open positions, sa.d die segments together definmg a 
-avtv havm» an openina when said first die segment is in sa.d closed position: 

' a ounch movablymounted to said base for shifting between a retracted position and 
a„,x,ended position wherein said punch pushes against a pan positioned within said • 
:a vUN ihercbv causing the part to be crimped: and 

' a W uered actuator connected to at least the first one of sa,d die segments and 
,,„„„„. ,; iK ; first die segment between said closed and open positions such that a part 
;HJMlll! „,u , ithin sa,d cavity can be removed after crimping by shifting of the first die 
-L-cmcnt to the open position. 

• ■ , v ;i , r m,no die according to claim I. wherein sa,d powered actuator comprises a 
••r.cum,:,.- chuckhaving at least two poweredjaws actuated by pneumatic pressure, each 
.., .., d ^wored jaws having one of sa.d die segments mounted thereon. 

•.. : irn ,na die according to claim 2. wherein said pneumatic chuck is a three,jaw 



, ,, : ,rang d,e according to any preceding claim, wherein sa.d powered actuator 
.. ;:,Mble member and a chamber on a first side of said member, said die . . 
rVH :r.icd on a second s.de of said member, said member flexing upon 
a:-.,,v of said chamber to shift said die segments to said open position. 

. .. !( , r ™„g die according to claim 1 . wherein said powered actuator comprises a 
aciiiu'.cd clamp. 
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6. A forming die according to claim 5. wherein said fluid actuated clamp includes 3 
jaws, said die pieces mounted on said jaws. 

7. A forming die according to claim 5. wherein said fluid actuated clamp further 
includes a chamber and a flexible member communicating within said chamber, such that 
said clamp moves in response to changes of pressure within said chamber. 

8. A forming die according to claim 4 or claim 7. wherein said flexible member is 
configured to rotate said die pieces upon pressurization of said chamber. 

9. A forming die according to claim 4 or claim 7. wherein said flexible member is a 
diaphragm. 

10. A forming die according to claim 1. wherein said die cavity has. a sidewall surface 
defining a generally cylindrical shape. 

11. A forming die according to claim 10. wherein said generally cylindrical shape 
comprises first and second open ends and an inwardly tapering portion adjacent said 
second open end. 

12. A forming die according to claim 11. wherein said punch comprises a first punch 
and said forming die has a second punch. 

13. A forming die according to claim 12. wherein said first punch enters said first open 
end of said die cavity to form a part positioned therein and said second punch shifts into 
said second open end of said die cavity to eject a formed pan. 

14. A forming die according to claim 12 or claim 13. wherein said power actuator is 
connected to said first punch for shifting said first punch between extended and retracted 
positions. 
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15. A forming die according to claim 2 or claim 6. wherein said jaws are movably 
interconnecied. 

16. A method of sealing the casing of an electrochemical cell, comprising the steps: 
(a) assembling a first metal casing portion and a second metal casing portion 

inside an open end of said first metal casing portion, with a seal disposed between said 
first and second metal casing portions: and 

i b > crimping said first metal casing portion against said seal and said second 
metal casing portion with a forming die according to any precedins claim. 

i 7 A method of scaling the casing of an electrochemical cell according to claim 16, 
*nirrc:n >aid first metal casing portion is a can and said second metal casing portion is a 
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